Background. Recent epidemiological studies have shown that individuals who ingest alcohol regularly have a higher level of cognitive function and are less likely to develop dementia than those who abstain. The purpose of this study was to compare nine measures of cognitive function in drinkers compared to abstainers.
T HE earliest reports examining the effect of moderate alcohol consumption on cognitive function provided support for the commonly held assumption that chronic ingestion of alcoholic beverages, even at moderate levels of intake, resulted in poorer performance on cognitive tests (1, 2) . Subsequent research led to the conclusion that there was no significant association between social drinking and the level of cognitive function (3) (4) (5) .
The first reports indicating that drinking in moderation might actually be beneficial for cognitive function appeared in the mid-1990s (6, 7) . Subsequently, the Epidemiology of Vascular Aging (EVA) study (8) reported that moderate alcohol ingestion by women was positively associated with better performance on 7 of 10 cognitive tests; however, it did not find similar associations in men. Similarly, when results from the Framingham study were reported in 1999, women who drank moderately (2-4 drinks/day) showed superior performance in many cognitive domains compared to abstainers (9) . Again, fewer significant relationships were found in men, and then only at higher levels of intake (4-8 drinks/day). One subsequent study supported these findings (10) .
Others have examined prospectively the relationship between moderate alcohol consumption and the risk for developing dementia. In the Rotterdam study involving participants age 55 years and older (11) , light to moderate drinking (1-3 drinks/day) was associated with a lower risk of incident dementia compared to abstainers (odds ratio [OR] , 0.46; 95% confidence interval [CI] , 0.27-0.77). In the Cardiovascular Health Study involving individuals age 65 years and older (12) , light to moderate drinking (1-3 drinks/ day) was similarly associated with a lower risk of dementia (OR, 0.58; 95% CI, 0.38-0.90).
The New Mexico Elder Health Survey (NMEHS) was a study of health and health-related issues on nearly equal numbers of elderly (65 years of age) Hispanic and nonHispanic white (NHW) men and women randomly selected from the Health Care Financing Administration (Medicare) rolls of Bernalillo County (Albuquerque), New Mexico (13) (14) (15) (16) (17) (18) (19) . One purpose of this study was to examine the relationship between alcohol intake and nine measures of cognitive function adjusted for differences in age, sex, ethnicity, and level of education.
METHODS

Study Design/Participants
Prospective participants (2200; equal numbers of Hispanic and NHW men and women) were randomly selected from the 1990 list of 50,700 Health Care Financing Administration registrants (Medicare recipients), age 65 years and older, residing in Bernalillo county (Albuquerque), New Mexico. After eliminating those who had died, moved from the county, could not be located, or were ineligible because they did not meet criteria to qualify as either Hispanic or NHW, 1666 eligible participants were contacted between 1993 and 1996. Eleven hundred and thirty (67.8%) agreed to participate in paid home interviews. An additional 29 interviewees were found not qualified because they did not meet ethnicity standards (self-identification and three of four grandparents identified as Hispanic or NHW, respectively), had died, or moved after the home interview and before an examination could be completed. Of the 1101 individuals interviewed at home and found eligible, 883 (80.2%) participated in a 4-hour, paid interview/examination by a nurse practitioner, nurse, and nutritionist. There were no other exclusionary criteria as long as informed consent could be obtained from the participant or legal guardian. A senior health center was used for 89% of the examinations with the remainder performed in the home or in a nursing home. All participants gave a written informed consent, and the research was approved by the Human Research Review Committee of the University of New Mexico Health Sciences Center. Further details on the design and survey instruments used in the study, and the demographic characteristics of the recruited participants are published elsewhere (13) (14) (15) .
Interview and Examination
Interviews were obtained directly from 96% of the participants, and from a spouse, relative, or caretaker in 4% of the cases. A history of alcohol intake was obtained by the nurse, who asked the question, ''How often do you drink alcoholic beverages?'' Possible answers were: (a) never (Group 1), (b) one or fewer days per week (Group 2), (c) 2-5 days per week (Group 3), (d) daily, fewer than four drinks per day (Group 4), and (e) daily, four or more drinks per day (Group 5).
Neuropsychological Assessment
Cognitive test measures and the functions that they were intended to estimate were: (a) the Mini-Mental State Examination (MMSE) (orientation, recall, attention, language, and visual graphic ability), (b) Wechsler Adult Intelligence Scale-Revised (WAIS-R) Digits Forward (attention and immediate memory), (c) Fuld Object-Memory Evaluation (learning and secondary memory), (d) clock drawing (visuoconstruction), and (e) two Color Trail Making Tests (psychomotor speed and cognitive flexibility). The MMSE and other tests used in this survey were administered in English or Spanish, depending on the participant's language of choice. How these tests were administered and scored in this population, and references to the validated cognitive tests are published elsewhere (16) (17) (18) (19) .
Three indicators of depression were obtained, specifically a self-report of a past history of depression, whether or not the participant was currently taking antidepressants, and the 15-question short version of the Yesavage Geriatric Depression Scale (GDS) administered in either Spanish or English.
Statistical Analyses
The distributions of demographic variables (age, years of education, ethnicity, and sex) were compared between each drinker group and abstainers, and differences were tested using analysis of variance for means and chi-square tests for percentages. For continuous outcome variables, e.g., scores on each of the nine cognitive function tests and GDS scores, group comparisons between participants who were drinkers and those who were abstainers were conducted using generalized linear regression models, and adjusted means were obtained using the least squares method. Means were adjusted for age and level of education (years) for each sex/ ethnicity group; for ethnicity, age, and level of education for all men and all women; and then for ethnicity, sex, age, and level of education for all participants. For the categorical outcome variables (history of depression, taking antidepressants, GDS .6) and for scores below versus above selected cut-points on the nine tests of cognitive function, logistic regression analyses were used to calculate OR values for each drinking category compared to the abstainer category, while controlling for age, years of education, sex, and ethnicity. Added to subsequent linear regression models was the GDS score as an indicator of the presence of depression. Differences were considered statistically significant if the p value was ,.05. All analyses were conducted using SAS software (20) .
RESULTS
Of the 883 participants in the NMEHS, data collection (information on alcohol intake and history of depression, and cognitive and affective testing) was available for 857 individuals (14 had missing information on alcohol intake; another 10 had no data on cognitive or affective testing). Because individuals with dementia would be expected to score very low on these cognitive tests, thereby skewing and biasing (weighting) the means, participants with MMSE scores ,18 were eliminated from the linear regression analyses, but examined separately. There were 30 individuals (10 Hispanic men, 3 NHW men, 13 Hispanic women, 4 NHW women) with MMSE scores ,18. Of these 30, 28 participants (of 447, or 6.3%) were in the abstainer group (Group 1), and 2 (of 234, or 0.9%) were in the group that drank 1 day per week or less (Group 2). There were no participants with MMSE score ,18 among the 176 participants in the other three drinker groups (Groups 3-5). If those participants with low MMSE scores had not been eliminated, the cognitive test differences between drinkers and abstainers would have been even more impressive. Table 1 shows the distribution of the remaining 827 participants by status of alcohol intake, with distributions by sex and ethnicity for each group. Seventy-nine men and 28 women admitted to consuming alcohol on a daily basis. Because only 11 men (no women) admitted to consuming four or more drinks daily, this group representing ''heaviest drinkers'' was eliminated from subsequent analyses.
Significant differences ( p , .001) existed in the ethnicity and sex distributions by drinking status. Hispanics accounted for over half of the abstainer group, but only one quarter of the daily drinkers. A similar pattern was seen for women. This made it imperative that adjustments be made to the regression analyses for differences in these two variables. There also were significant differences in the mean ages and levels of formal education ( p , .001) with drinkers being younger and having more years of formal education. Table 2 compares the unadjusted mean scores (6 standard deviation) and mean scores adjusted for age, level of education (years), sex, and ethnicity for the nine cognitive tests and the GDS score by drinking status for Groups 1-4. Percentages of participants with a history of depression, currently taking antidepressants, or having a GDS score .6 are shown by drinking status at the bottom of the table. OR values comparing drinkers to abstainers were calculated with adjustments for differences in age, level of education, sex, and ethnicity.
Using adjusted multivariate linear regression analyses for Groups 1-4, we found that drinkers had better cognitive test scores on all nine tests, and these were significantly better in seven of nine tests ( p , .05). For each of the four ethnicity/ sex groups, drinkers scored better than abstainers on all nine cognitive tests. Because only two Hispanic women admitted to drinking daily, these differences were not considered analyzable. When ''all men'' and ''all women'' were examined separately, the magnitudes of the differences in the cognitive test scores observed between drinkers and abstainers were comparable.
All three measures of depression suggested that depression was more common in the abstainer group. Because depression is recognized to give results on cognitive tests suggesting impairment of cognitive function, the regression analyses were rerun with the GDS score as a covariate. These analyses failed to change the results appreciably.
An alternative method for examining these data would be to determine the odds for having a low cognitive test score by drinking status. This would require selection of an appropriate cut-point for each of the nine cognitive tests below which one could say there was impaired cognition. This could be a clinically relevant value, the lowest quartile for all participants, or some other arbitrary cut-point. The relative risk for an individual in each drinking category of being below this cut-point was determined by setting the risk for abstainers at 1.0 with calculation of a p for trend by drinking status. Shown in Table 3 are the OR values adjusted for differences in ethnicity, sex, age, and level of education (unadjusted OR values are not shown because they were presented in the previous analysis and were not materially different from the adjusted values). It now was appropriate to include the 30 participants with low (MMSE , 18) scores on their cognitive tests as they would not adversely weight the OR values as they would when mean values were calculated.
All but one of the 27 comparisons of participants in the three drinking categories with the abstainers showed OR values , 1.0 with five of the nine cognitive tests showing statistically significant trends by drinking category ( Table  3) . As examples, 11.2% of the participants had an MMSE score (without the intersecting pentagons added in) , 24, clinically recognized as an appropriate cut-point to indicate cognitive impairment. The OR values for Group 1 Draw pentagon (10) Un. 8.7 6 1.9 9.2 6 1.3 9.5 6 1.1 9.2 6 1.5 Adj.
8.9 6 1.6 9.1 6 1.5 9.0 6 1.6 9.1 6 1.6 .360
Fuld-No. retrieved (10) Un. 6.6 6 1.6 6.9 6 1.4 7.0 6 1.5 7.2 6 1.3 Adj.
6.7 6 1.4 6.9 6 1.5 6.8 6 1.5 7.1 6 1.6 .016
Fuld-Total recalled (10) Un. 7.3 6 1.7 7.6 6 1.6 7.9 6 1.4 7.6 6 1.6 Adj.
7.4 6 1.4 7.5 6 1.5 7.6 6 1.6 7.6 6 1. Notes: The numbers in parentheses are the highest possible scores for that test. Also shown is p for trend for the adjusted scores. At the bottom of the table, percentages of participants with a history of depression, currently on antidepressants, and with a Geriatric Depression Scale (GDS) score . 6 are shown by alcohol intake with odds ratios adjusted for sex, ethnicity, age, and years of education obtained by logistic regression analysis in parentheses. 
DISCUSSION
Those participants in the NMEHS who ingested alcohol had significantly better test scores than did the abstainers on seven of nine cognitive function tests after adjusting for differences in sex, ethnicity, age, and years of education. Because individuals with incipient dementia would have low scores that would skew the means on each cognitive test, those participants with MMSE scores , 18 were examined separately. All 30 participants with low MMSE scores were in the groups of abstainers or those who drank one or fewer times per week; none of those who drank two or more times per week had low MMSE scores. Similarly, the odds for having a low cognitive test score were consistently lower in the drinkers than in the abstainers. There was a consistent trend that, as drinking frequency increased, cognitive test scores became higher, and were less likely to fall below the selected cut-point for that test.
Hispanics had lower cognitive test scores and less formal education than did NHWs. They also were more likely to abstain from drinking, and when they did drink, they drank less frequently. Regression analyses were used adjusting for differences in ethnicity, sex, age, and level of education to examine the differences in cognitive test scores between drinkers and abstainers. The drinkers had less evidence of depression by history and affective testing. Because depression can impair cognitive function, the regression equations were rerun adding the GDS scores as a covariable. The drinkers continued to score higher on all cognitive function tests.
A broad battery of cognitive tests was used to insure that sufficient cognitive domains were studied. Except for the MMSE, the tests were not dependent upon language skills. This was important because many of our Hispanic participants used Spanish as their primary language. Even after providing a choice of English or Spanish versions on all tests, the Hispanics scored lower on the MMSE and on the other tests as well. Our experience in this population using the MMSE and the Fuld Object-Memory Evaluation, the latter not requiring language skills, is described elsewhere (21) . We feel the common criticisms of small sample size, potential for patient selection bias, and the failure of cognitive testing to cover a diversity of cognitive domains have been adequately addressed in this study.
Two prospective studies have shown a lower rate of incident dementia in drinkers compared to abstainers (11, 12) consistent with our findings of a higher percentage of individuals with low cognitive test scores in the abstainer and infrequent drinker categories compared to the more frequent drinkers. In the Rotterdam study involving participants age 55 years and older (11), light to moderate drinking (1-3 drinks/day) was associated with a lower risk of incident dementia compared to abstainers (OR, 0.46; 95% CI, 0.27-0.77). In the Cardiovascular Health Study involving individuals age 65 years and older (12) , light to moderate drinking (1-3 drinks/day) was similarly associated with a lower risk of new onset dementia (OR, 0.58; 95% CI, 0.38-0.90).
Our cross-sectional observation that drinkers had better cognitive test scores than abstainers also is consistent with what others have reported (6) (7) (8) (9) (10) . Although several of these studies have reported that the differences between women drinkers and abstainers were more impressive than those observed in men (8, 9) , no difference between men and women was observed in the NMEHS.
A previous report (15) from the NMEHS found that drinkers also had less evidence of coronary artery disease (CAD) than abstainers, a finding reported by others (22) (23) (24) . One risk factor contributing to this lower incidence of CAD in drinkers is a higher mean high-density lipoprotein cholesterol concentration (23, 24) , a finding confirmed by our study (15) . Associations between lower levels of highdensity lipoprotein cholesterol and the presence of both Alzheimer's dementia (25) and cognitive impairment (26) have been described to be at least partly due to an increase in atherosclerotic disease. Drinkers in our study had a lower prevalence of diabetes compared to abstainers after adjusting for differences in ethnicity, sex, and age (15) , similarly reported by others (27) (28) (29) . Finally, the drinkers in our study were found to have significantly lower serum insulin concentrations than abstainers after adjustments for differences in ethnicity, sex, age, diabetic status, and evidence of obesity (body mass index) (30) . This too has been reported by others (31) (32) (33) suggesting that drinkers are more insulin sensitive than are abstainers. The drinkers in our study weighed significantly less than the abstainers did, making the last adjustment important.
Hyperinsulinemia has been described as an independent risk factor for CAD (34) . A recent review published in this journal (35) constructs and supports a hypothesis that insulin resistance with hyperinsulinemia and subsequent impairment of glucose metabolism may promote neurodegeneration and facilitate the onset of Alzheimer's dementia. These findings all provide evidence that drinking in moderation may be protective against the development of CAD, diabetes, and presumably other atherosclerotic diseases. Dementia and cognitive decline have been positively correlated with the atherosclerotic diseases (36). Mukamal and colleagues (37) found on magnetic resonance imaging (MRI) of the brain that moderate alcohol consumption was associated with a lower prevalence of white matter abnormalities and infarcts, thought to be of vascular origin, than their prevalence in abstainers.
Our study population is unique in that all participants were Medicare recipients, therefore 65 years of age or older, with a mean age of 73.7 years. Most previous studies have examined younger cohorts. Furthermore, nearly equal numbers of Hispanics and NHWs were randomly selected and recruited from the community. Only one previous study involved minorities (blacks) (9) . Concerns are that information is available on alcohol intake at only one point in time, and that no information is available on who might have stopped drinking because of health concerns (diabetes, heart disease, hypertension). Another concern is the disproportionately small number of daily drinkers in the Hispanic and adult female populations compared to NHW and adult male populations. We feel that the use of linear and logistic regression analyses adjusting for differences in ethnicity, sex, age, and years of education have responded adequately to this concern. Because of the cross-sectional design of the present study, no temporal relationship between alcohol intake and cognitive decline, which would be needed to show this negative association to be causal, could be demonstrated. The results of our study, however, are consistent with the results of two previously described prospective studies (11, 12) showing that the incidence of new onset dementia is lower in drinkers than in abstainers. Nevertheless, these cross-sectional findings should be followed up with further large-scale prospective studies looking at cognitive function decline rather than just onset of new dementia.
One may not be able to support a recommendation for older persons to initiate alcohol consumption in moderation as a way to prevent cognitive decline, diabetes, and the atherosclerotic diseases, but it does appear appropriate to discuss the potential benefits with those comfortable with a lifestyle that includes moderate alcohol consumption along with other preventative interventions, e.g., smoking cessation, increased exercise, weight and stress reduction, decreased dietary saturated fat and cholesterol intake, and control of hypertension and dyslipidemia with medications.
